To investigate iterative measurement of the morphometric characters of fish larva, the daily change in the body size of intensively reared larval fish , red sea bream snapper Pagrus major, olive flounder Paralichtys olivaceus and ayu Plecoglossus altivellis was monitored on the moribund state and over the subsequent preservation process of 15 days and the differentiation by formalin fixation was evaluated.
To investigate iterative measurement of the morphometric characters of fish larva, the daily change in the body size of intensively reared larval fish , red sea bream snapper Pagrus major, olive flounder Paralichtys olivaceus and ayu Plecoglossus altivellis was monitored on the moribund state and over the subsequent preservation process of 15 days and the differentiation by formalin fixation was evaluated.
Throughout the trial period the size of the fish body frequently suffered significant shrinkage and/or weight loss immediately after fixation and then slightly but chronically in the fixative . Primarily the weight loss was more pronounced than the shrinkage in length . An Analysis of the covariance for the allometric equations, therefore, suggests that the treatment of fixed samples might be misleading when conducting morphometric studies of live fish stock. The changeability of physical body was dependent upon age, even though the somatic sizes were of an equivalent range when alive. Moreover, the variation in measurements over one hour or so mostly occurs irrespective of the formalin fixation. These facts suggest that iterative measurements of fixed fish larva are limited and alternative methods such as applying microscopic biophysics to the variations in the structure and tissues of larval fish in fixatives, or using optical and volumetric techniques for live measurements are required. Developing or integrating fish culture techniques requires statistical rigor in the assessment of fish growth; this is attained through morphometry on a significant number of fish specimens. Larval fish are usually preserved in some fixatives then measured or weighed to the nearest millimeter or gram at most. Ever if we ignore varying personal measuring skills, denaturation of the fish body during the postmortem and/or subsequent preservation often makes it difficult to obtain accurate morphometric values. There is a substantial body of research on this subject which indicates that the fixatives do not always have an identical effect in each case: changeability of body size varies depending on the fish species tested and the procedure used. 1-13) Researchers have thus standardized the treatments and proposed measuring changeability for each individual species.' 3) However, most studies were conducted longterm yet sporadically, monitoring the changeability in body size.') The studies seldom compared the pre-fixed condition, which we considered most important, with changes in measurements.13) Most studies also assume the significance of iterative measurements of individual specimens, but have rarely validated this procedure. 
Materials and Methods
The total length and wet body weight of three species of larval fish were consecutively measured: red sea bream snapper Pagrus major, olive flounder Paralichthys olivaceus and ayu Plecoglossus altivellis.14) The red sea bream snapper and ayu had been incubated and raised in the aquaria installed in the Yamaguchi Prefectural Gaikai Fisheries Farming Center and the olive flounder in the Yamaguchi Prefectural Naikai Sea Farming Center. The contemporaneous sibling of each species was processed twice at intervals of more than 15 days, during which a serial observation was conducted. The first collections were put through on the larvae of 16-39 days old, and the second on the larvae of 34-55 days old (Table 1) .
Captured with a hand net, dipped fishes were packed into a I l glass beaker and immediately anesthetized with ca. 0.01 % quinaldine sea water, except for the first collection of olive flounder, some of which warped in the beaker. To avoid this warping of the body, we placed the fishes in a plastic vat and covered them with a paper sheet soaked in sea water. Of these fishes, 20 individuals to be measured were selected and assigned a serial number. Each specimen was measured to the nearest 0.01 mm, blotted with absorbent paper to remove excess moisture, weighed to the nearest I mg, then immersed in distilled water. Since weighing to the nearest 1 mg did not work for red sea bream snapper and olive flounder in the first collections (MADAI. I and HIRAME. I series), we did not take measure ments of these series into account. In each case the 20 specimens under went five iterative time measurements within an hour or so, and this procedure was similarly repeated when stored in formalin. The specimens were then placed in individual vials filled with 10% formalin distilled water solution (pH: 4.3, spgr: 1.0086), brought from the Center to a laboratory at the Shimonoseki University of Fisheries and prepared for measurements * Biometrics in Aquaculture-I. The numerical values of TL (total length) and BW (body weight) are the arithmetic average of five measurements for the pre-fixed specimens.
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( Fig. 1) . Some series contained a single specimen with a modulus mostly larger or smaller throughout the experi ment. We assumed that changeability should be random,15) therefore, after monitoring the fluctuation of M(d, i) and testing that the number of statistical rejections is greater than 8 (> 15/2), we excluded the relevant specimens from the analysis (Table 1 ). Figure 1 suggests that after fixation in formalin solution, the specimens continue to experience shrinkage or weight loss during 15 days, so we attempted to test the significance of this tendency. In several cases, specimens shrank in size and the body weight decreased in the fixative (Table 2) . Some specimens, however, showed no significant change and were therefore regarded as unchanged after fixation. These results allowed us to evaluate the shrinkage or weight loss process by applying a model formula. Using the initial and boundary conditions as shown below,
We derived the model formula
where M*(i) is the critical remnant modulus and ki (1/day) the daily shrinkage coefficient against the stable condition . For specimens other than the above , we allocated the numerical average of the 15 values of M . Equation (2) implies that M(d, i) tapers and finally stabilizes at a critical point M*(i) and other specimens exhibited a very stable body size following fixation. In order to obtain Eq. (2), M(d+ 1, i) was regressed on M(d, 1). We then tabulated the ranges of M*(i) and d*(i), where d*(i) is the day when the residual M*(i) falls below 0.01 (1%). These irregularities require us to consider whether shrinkage and/or weight loss will produce incorrect results when analyzing the length-weight relationship.7) Therefore, we devised a test to validate the use of fixed specimens to estimate the parameters in an allometric equation of pre fixed specimens. As is common practice, 1,8) we used a logarithmic equation which describes the relationship between total length (TL) and body weight (BW), We should also attempt to develop an optical and volumetric device to measure live larva17) to completely avoid measurement inaccuracies.
